The aim of the present work was to evaluate the influence of the lack of urease activity in some Streptococcus thermophilus strains on the primary metabolism during lactic acid fermentation. A comparison of the kinetics of the lactic acid process with the participation of ureautilizing and urease deficient streptococcal strains was performed. It was found that the lack of urease activity in the streptococcal strains had no significant effect on the primary metabolism of the monocultures or the yoghurt starters.
INTRODUCTION
Streptococcus thermophilus strains are important part of the composition of dairy starters. Through their accelerated metabolism they accumulate lactic acid in the media and quickly reduce the pH to ensure the necessary conditions for the growth of the Lactobacillus delbrueckii ssp. bulgaricus strains. The proven positive symbiotic effect in the growth of Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus strains in the composition of yoghurt starters is known as "protocooperation" (Angelov et al., 2009; Driesses, 1987) . It is well known that among all the lactic acid bacteria only Streptococcus thermophilus strains possess high urease activity and the ability to hydrolyze urea from raw milk. As a result of the hydrolysis urea is decomposed to ammonia and CO2, which enhances the anaerobic conditions of the medium, thereby stimulating the growth of the Lactobacillus delbrueckii spp. bulgaricus strains from the yoghurt starters. At the same time the accumulation of ammonia results in a lower rate of pH reduction, which elongates the fermentation process (Angelov et al., 2009; Arioli et al., 2007; NinovaNikolova, 2016) . The main role of S.thermophilus in the process of lactic acid fermentation is to accelerate acid formation and accumulation and pH reduction of the medium by the production of lactic acid. Therefore, the rate of acid formation is an important technological parameter as the extension of the acid formation time has a negative impact on product quality and brings negative economic consequences in the organization of industrial process. The rate of acid formation is a strain-specific metabolic trait that is influenced by different physiological properties such as lactose-galactose metabolism, proteolytic system and urease activity (Ninova-Nikolova, 2016) . Urease activity has a serious negative impact on the quality of dairy products -cheese, yogurt, etc. Therefore, its exclusion from metabolism significantly improves the end-products (Ninova-Nikolova, 2016) . Since protocooperation between the two types of bacteria is essential in industrial starters, the lack of urease activity must be assessed in relation to possible changes in the primary metabolism and the accumulation of lactic acid. The application of urease-deficient streptococcal strains, result of spontaneous mutation, has practical application due to restrictions on the use of genetically modified organisms (Ninova-Nikolova, 2016) . The purpose of the present work was to study the kinetics of lactic fermentation using urease-deficient streptococcal strains as monocultures and in the composition of yoghurt starters. Thus some of the most common kinetic models to assess the fermentation process were applied. (Ninova-Nikolova, 2016) . Media Milk based fermentation media by "LB Bulgaricum" PLC were used in the present work.
MATERIALS AND METHODS

Monocultures and yoghurt starters
Bioreactor, culture conditions and sample analysis Cultivation was performed in a bioreactor with a working volume of 2 dm 3 , equipped with a system for monitoring and control of the fermentation process "BIOFLO". The system is equipped with circuits for automatically maintaining the pH. The adjustment of pH was carried out with 2 M NaOH at continuous stirring. The anaerobic conditions of the fermentation were guaranteed by its conduction under inert gas -nitrogen medium. The temperature of the culture medium was maintained automatically through control actions, generated by the control device. The fermentation process was carried out at temperatures of 39 °C and 43 °C, pH 5.90 and 6.20 at a stirring speed of 150 rpm. After loading the medium and its sterilization at 120 °C for 20 min and subsequent cooling down to the fermentation temperature, it was inoculated with 5% culture of the studied Streptococcus thermophilus strain or yoghurt starter. Milk samples were taken by sterile sampling system every 30 minutes since the beginning of the process. They were analyzed to determine the concentration of viable cells and the titratable acidity. The changes in the acidity of the medium were monitored by the amount of the NaOH used for the neutralization of the lactic acid accumulated in the apparatus. The total number of viable cells of Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus in cfu/cm 3 was determined by the pour plate method and the spread plate method in synthetic MRS medium and M17 medium, according to the methodology described in ISO 7889: 2005 (ISO 7889: 2005 . The amount of lactic acid was calculated based of the amount of 2M NaOH used for the neutralization (ISO/TS 11869:2012).
Mathematical models and determination of the kinetic characteristics
The kinetics of the lactic acid fermentation process were examined by the system of differential equations (Birol et al., 1998; Kostov et al., 2012) :
The used kinetic equations (Birol et al., 1998; Kostov et al., 2012) through which the system (1) acquires a certain type are presented in Table 2 . Table 2 Mathematical models for description of the kinetics of the fermentation process № Model dX/dt dP/dt dS/dt
Parametric identification of the models was carried out in MATLAB environment (Kostov et al., 2012; Mitev and Popova, 1995; Popova 1997) . The sum of squared errors of the model output data:
was minimized. For that purpose the function "fmincon" was applied.
The output is vector of "fmincon" are model parameters
The overall differential equations s0ystem the function "ode45" was used.
RESULTS AND DISCUSSION
The results of the identification of kinetic models are summarized in Table 3 to Table 6 . On Figures 1 and 2 are presented comparisons of the models for some of monocultures and starter cultures.
Monod-based kinetics
The results of the parameters identification of Monod's model are presented in Table 3 . Data showed that monocultures grew with a good fermentation rate that varies within a relatively narrow range between 0,040 and 0,510 h -1
. Only one of the variants was characterized by a higher maximum specific growth rate, but the average rate of the process was comparable to that of the other variants, a fact that will be explained later. The accumulation of cells of the urease-deficient strains was not affected by the lack of urease in their metabolism. Similar values of the specific growth rate were established in all variants. Consequently, the absence of the gene responsible for the utilization of urea from the composition of milk did not affect the growth of the cells. It was typical for streptococcal monocultures that in terms of the accumulation of viable cells they had high affinity to the substrate. The saturation constant KSX for all variants was 0. Only in variant Yt3 no affinity was observed which lowered the maximum specific growth rate and it was within the already commented range between 0,040 and 0,510 h -1 . The accumulation of lactic acid by the streptococcal monocultures proceeded with high specific rate of lactic acid production and with high affinity between the substrate and the culture. The rate varied between 0,365 and 0,513 g/(g.h), which led to higher economic coefficient that ensured that the substrate was transformed mainly to lactic acid. All models of the Mono-based kinetics described experimental data with high accuracy, the average error between them and the data was between 4 and 60. Data showed that the exclusion of the gene responsible for the utilization of urea from milk did not change the primary metabolism of any monoculture. Therefore urease-deficient strains can be successfully included in the composition of yoghurt starters. A similar study of the kinetics of the primary metabolism with inclusion of urease-deficient strains in the composition of several yoghurt starters was performed. Due to the specific requirements for the obtaining of the yoghurt starters the cultivation was conducted in two different media. Data in Table 3 showed that the symbiotic yoghurt starter strains of Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus grew with maximum specific growth rate in the range of 0,036-0,083 h -1
, but also at higher specific rates of accumulation of lactic acid -0,284 -0,349 g/(g.h). The affinity of the strains to the substrate in the medium was high with slight deviations from this summarization concerning only few strains. The inclusion of urease-deficient strains in the composition of yoghurt starters did not alter the primary metabolism; on the contrary, it accelerated the process and milk coagulated 30 min earlier in variants with urease deficient Streptococcus thermophilus strain than in the variants in which urea was utilized. This was due to the previously mentioned fact that the accumulation of ammonia leads to the neutralization of the pH, hence, to slower coagulation. An interesting fact is that the exclusion of sodium acetate from the composition of the medium caused lack of affinity of the yoghurt starter to the substrate, which was probably due to adversely influencing the utilization of the carbon source and the need for microorganisms to accumulate additional substances which would allow them to utilize lactose from milk. The main amounts of substrate were utilized and converted to lactic acid, which was confirmed by the higher values of the coefficients YP/S compared with YX/S (Table 3) . Aiba based kinetics A common characteristics of many biological processes is that the accumulation of the metabolic products may be associated with the inhibition of growth. The model of Aiba assumes exponential growth inhibition as a result of the accumulated lactic acid in the medium. Data from the parameters identification of the model of Aiba are presented in Table 4 . Similarly to Monod's model, the monocultures grew primarily by accumulating lactic acid, which was proven by the high values of the specific rate qpmax and the relatively high values of μmax. This observation was further confirmed by the higher values of the economic coefficient, which were associated with the accumulation of product obtained from one unit of substrate. The model parameters did not show substrate or product inhibition; the error in describing the test results was minimized. Data from Aiba's model showed that the primary metabolism of streptococcal monocultures was not affected by the exclusion of the gene responsible for the utilization of urea from milk. , but at the same time substrate inhibition in these variants was observed. Thus, the overall growth rate would not be different from the other variants. Substrate inhibition was observed with both types of media, which was most likely due to the excess of some components of the medium. There was no product inhibition of the process of accumulation of lactic acid -the inhibition constant Kpp equaled 0 for all variants. The inclusion of urease-deficient Streptococcus thermophilus strain in the composition of the yoghurt starters did not alter the primary metabolism of the yoghurt starter. Data from Aiba's model showed slight increase in the specific growth rate of the symbiotic culture.
Hinshelwood based kinetics
Hinshelwood's model assumes a non-linear growth inhibition and the accumulation of a product which unlike the exponential one, is not as strong. Data from the identification of the parameters are presented in Table 5 . Data from Hinshelwood's model, in accordance with the other two tested models, showed that monocultures were growing with maximum specific growth rate at maximum affinity to the substrate. The main amount of the substrate was utilized for the accumulation of lactic acid, the rate of this process being 8-10 times higher than that for the accumulation of biomass. This was confirmed by the values of the economic coefficient YP/S. The metabolism of the cells was not affected by the lack of urease in the mutants. There were significant differences in studying the yoghurt starters in comparison with the conclusions drawn from the previous models. Minor to moderate lack of affinity to the substrate was typical for some of them. It might be provoked by the observed substrate inhibition of the growth of the symbiotic culture. Again, there was no product inhibition. The error of the model as compared to the experimental data was minimal. The addition of the urease-deficient strain in the composition of the yoghurt starter did not change substantially the primary metabolism. 
Tiessier based kinetics
Tiessier's models are modified Monod's models, but they suggest exponential reduction of the specific rates due to substrate inhibition. The results of the parameters identification are presented in Table 6 . The results of this model were highly contradictory. On one hand, the model describes satisfactorily part of the experimental data. With the other part of the data an error was observed, especially when describing the amount of the utilized substrate. On the other hand, the model showed that part of the monocultures had no affinity to the substrate, but, quite unexpectedly, a trend associated with urease deficit was not observed. On the contrary, some of the strains having urease activity, showed no affinity to the substrate. The explanation might be sought in the cultivation conditions. All monocultures grew at low specific growth rate, while those which had high values of the maximum specific growth rate showed no affinity to the substrate. All monocultures showed high specific rate of accumulation of lactic acid. Data indicated that the substrate was utilized mainly for the production and accumulation of lactic acid. As with the other models there was no effect on the primary metabolism in urease-deficient monocultures and yoghurt starters. The description of the lactic acid process in the symbiotic yoghurt starter also showed interesting tendencies. For example, for almost all yoghurt starters medium 2 proved to be unsuitable for the conduction of the fermentation process. In this medium there was a significant lack of affinity to the substrate, wherein the overall growth rate decreased. The model of Tiessier gave conflicting information about the metabolism in the yoghurt starters but it could be concluded that the primary metabolism was not affected. Tiessier's model showed that changes related to the inclusion of urease-deficient streptococcal strains in the composition of the yoghurt starters can be observed, but this would be a subject of further investigation.
CONCLUSION
It was found that the primary metabolism of monocultures of urease-deficient streptococci and yoghurt starters with the inclusion of urease-deficient strains of Streptococcus thermophilus was not affected by the lack of urease activity. All tested models showed that the lactic acid fermentation process was characterized by good growth rates and very high values of the specific rates of accumulation of lactic acid. The process of lactic acid fermentation was not associated with substrate or product inhibition, except for few variants, but the inhibition in these variants was weak. The results obtained with Tiessier's model, which showed lack of affinity of some monocultures and yoghurt starters to the culture medium, are interesting and give the possible ground for future research. 
